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Instructions
Work any 3 of the 4 problems 1n this exam. It is important that you clearly mark which 3

problems you wish to have graded. (You may circle the problem numbers you wish to be
scored, below). .

For the 3 problems that you select, be sure to show all your work, assumptions, etc. in
order to receive proper credit. Be sure to budget your time; concentrate on setting up the

problem solution first and leave the algebra until the end. When necessary, you may leave
your answers in unevaluated numerical expressions.

Good luck!

Circle which problems you wish to have scored:



A homogene radius r rolls without slipping on a rough
th constant angular velocity Q about a fixed

horizontal plane. The plane rotates with
gravity (and, of course, the

_If the only external force on the sphere is
' s contact point with the plane, C) prove

ich is also its center of mass) traces , relative to
inertial/fixed space, ' the initial conditions.
als: (2/5) (mass) (radius

The moment of inertia of

squared).

HINTS: Take :nertial/fixed axes O-xyz, with O-xy parallel to the spiﬁning plane and O-2
s of G will be (x, y, 0) and the coordinates of C

positive downwards. Then, the coordinate
will be (x, ¥, 1), while the equation of the spinning plane willbez=r.



form slender rod is only support

A uni

rod is originally 1 |
tension in the left string.
center of mass.

mL2

o a horizontal position.




PROBLEM #3

Consider the following equation of motion:

1) By inspection, will this system exhibit r gid-body motion? Justify your answer.

2) Sketch a spring-mass sysiem that would yield the above equation of motion.

3) Determine the natural frequencies and mode shapes for this system.



PROBLEM #4

A time dependent displacement y(t)=yocos(1), 1
system depicted in the figure, below. Th

paper about the pivot.
friction. An experimental natural response of the system 1s sh
5= 0.5 m) and stiffness parameters (kr

system geometry (hi=lm, 2=
letting letting yo= 10 mm, determine, to the best of your ability:

1) the system mass
2) the magnitude of damping ._
3) the maximum angle (tilt) of the forced response

4) estimate at which ® the system response 1s maximum.

—=k; = 220 N/m), and

g downwards.

Assume the rods to be massiess, and that gravity is actin
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